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(57) ABSTRACT 

Ananalog front-end circuit controlling an imaging device and 
processing an analog image signal output from the imaging 
device includes: an analog processing section that receives an 
analog image signal from the imaging device, provides the 
image signal with predetermined processing, and outputs the 
image signal; an A/D converter that performs A/D conversion 
with the image signal output from the analog processing 
section; a transmitter circuit that receives digital image data 
output from the A/D converter, generates a differential signal 
based on the digital image data, and outputs the differential 
signal; and a timing generator that generates a plurality of 
clocks including a multiphase driving clock for driving the 
imaging device based on a first reference clock; the transmit 
ter circuit including a differential amplifier circuit that gen 
erates a differential signal based on the digital image data 
output from the A/D converter, and outputting the differential 
signal generated in the differential amplifier circuit. 

14 Claims, 12 Drawing Sheets 
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ANALOG FRONT-END CIRCUIT AND 
ELECTRONIC DEVICE 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates to an analog front-end circuit 

and an electronic device. 
2. Related Art 
With an image sensor used for an image scanner or the like, 

image data (image signal) is acquired by a light receiving 
section of the image sensor, and is taken into a transfer section 
of the image sensor. An image sensor controller controlling 
the image sensor Supplies a driving clock to the transfer 
section, and the transfer section uses the Supplied driving 
clock to Successively shift and transfer the image data exter 
nally. 
An image scanner that scans an image by using a board for 

the scanning head (hereinafter referred to as a “board for 
head”) (carriage) on which a line type image sensor is 
mounted is known. When the image is read, the board for the 
head is driven by a servo motor or the like so that the position 
for reading is gradually changed. The board for head is mov 
able in Such a manner, and therefore is connected with a long 
cable to a main board on which a circuit for generating control 
signals of the servo motor, and the like are mounted. Image 
data read by an image sensor and a driving clock needed for 
shifting and transferring of the image sensor, for example, are 
Supplied through the cable. 

However, the recent improvements in image reading tech 
niques and the like have enhanced a trend towards an image 
sensor with high resolution. If such an image sensor with high 
resolution is used for an image scanner, the need to increase 
frequency of the driving clock arises. An amount of image 
data transferred via a cable also increases as resolution 
increases. Accordingly, for the image scanner in which the 
board for head is connected to the main board with a long 
cable, for example, radiation noise that occurs in the cable 
carrying the image data, driving clocks, etc., and the like, 
have become problems. As a result, it has been necessary to 
take measures against electro magnetic interference (EMI). 

JP-A-2004-172854 is an example of related art. 

SUMMARY 

An advantage of some aspects of the invention is to provide 
an analog front-end circuit in which the degradation of image 
data transmitted from an imaging device is Suppressed and 
measures against EMI are taken and an electronic device 
including this circuit. 
One aspect of the invention relates to an analog front-end 

circuit that controls an imaging device and processes an ana 
log image signal output from the imaging device, the analog 
front-end circuit including: an analog processing section that 
receives an analog image signal from the imaging device, 
provides the image signal with predetermined processing, 
and outputs the image signal; an A/D converter that performs 
A/D conversion with the image signal output from the analog 
processing section; a transmitter circuit that receives digital 
image data output from the A/D converter, generates a differ 
ential signal based on the digital image data, and outputs the 
differential signal; and a timing generator that generates a 
plurality of clocks including a multiphase driving clock for 
driving the imaging device based on a first reference clock; 
the transmitter circuit including a differential amplifiercircuit 
that generates a differential signal based on the digital image 
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2 
data output from the A/D converter, and outputting the differ 
ential signal generated in the differential amplifier circuit. 

According to one aspect of the invention, the transmitter 
circuit can output digital image data by using a differential 
signal. Accordingly, even if image data output from the ana 
log front-end circuit is output to a main board or the like 
through a long cable, radiation noise generated in the cable 
can be made sufficiently small 

Since the analog front-end circuit includes the ting genera 
tor, a driving clock required for the imaging device can be 
generated in the analog front-end circuit. For example, even if 
aboard for head, on which the imaging device and the analog 
front-end circuit are mounted, and the main board or the like 
are connected with each other with a long cable, a driving 
clock having a high frequency can be supplied to the imaging 
device without passing through the cable, and thus radiation 
noise generated in the cable can be made sufficiently Small. 

In the analog front-end circuit of one aspect of the inven 
tion, the timing generator may generate a transmission clock 
as a clock included in the plurality of clocks and output the 
transmission clock to the transmitter circuit, and the transmit 
ter circuit may generate a differential signal based on the 
transmission clock and generate a differential clock signal 
being a synchronizing clock of the differential signal that the 
transmitter circuit outputs. 

In this case, since the timing generator can generate a 
transmission clock, the analog front-end circuit can Supply a 
clock having a frequency appropriate for the transmitter cir 
cuit to the transmitter circuit without having an oscillator for 
the transmitter circuit independently provided. 
The analog front-end circuit of one aspect of the invention 

may further include a PLL circuit that receives a second 
reference clock, generates a clock by multiplying a frequency 
of the second reference clock by N (a natural number equal to 
or greater than 1), and outputs the clock as the first reference 
clock. 

In this case, the first reference clock can be generated by 
multiplying the second reference clock. Accordingly, a clock 
required for control of an imaging device Such as a driving 
clock, a clock required for A/D conversion, and the like can be 
adjusted by setting the multiplying factor to a desired value. 
Namely, the analog front-end circuit according to one aspect 
of the invention can flexibly cope with the demands of users 
to enhance its versatility. 
The analog front-end circuit of one aspect of the invention 

may further include a receiver circuit that receives a reference 
clock differential signal, generates the second reference clock 
based on the reference clock differential signal received, and 
supplies the second reference clock to the PLL circuit. 

Thus, the PLL circuit can receive the second reference 
clock from the receiver circuit and generate the first reference 
clock based on the second reference clock. 

In the analog front-end circuit of one aspect of the inven 
tion, the receiver circuit may receive the reference clock 
differential signal through a connection cable connecting the 
transmitter circuit and a main board on which an image pro 
cessing section processing image data output from the trans 
mitter circuit is mounted from the main board. 

Thus, the analog front-end circuit can drive the imaging 
device based on a reference clock differential signal supplied 
from the main board or the like. Furthermore, since the ref 
erence clock differential signal is a differential signal, radia 
tion noise in the connection cable can be reduced even if the 
reference clock differential signal is Supplied to the analog 
front-end circuit through the connection cable. 

In the analog front-end circuit of one aspect of the inven 
tion, the timing generator may generate an A/D converter 
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clock that the A/D converter uses for performing A/D conver 
Sion, as a clock included in the plurality of clocks, and output 
the A/D converter clock to the A/D converter. 

Thus, the A/D converter can perform A/D conversion based 
on the A/D converter clock. 

In the analog front-end circuit of one aspect of the inven 
tion, the timing generator may generate a timing control clock 
for the analog processing section, as a clock included in the 
plurality of clocks, and outputs the timing control clock to the 
analog processing section. 

Thus, the analog processing section can perform certain 
processing based on the timing control clock. 

In the analog front-end circuit of one aspect of the inven 
tion, the analog processing section may perform correlated 
double sampling and amplifying as the certain processing. 

Thus, the analog processing section can remove noise and 
the like from an analog image signal output from the imaging 
device and adjust the analog image signal to a signal level 
appropriate for the A/D converter at the Subsequent stage, 
thereby allowing the image data to be accurately processed. 

In the analog front-end circuit of one aspect of the inven 
tion, the timing generator may include a clock pattern set 
register for setting clock patterns of the plurality of clocks, 
and may generate the plurality of clocks with different clock 
patterns from the first reference clock based on a set value of 
the clock pattern set register. 

Thus, the timing generator can generate a plurality of clock 
patterns from the first reference clock, and therefore can 
generate a plurality of clocks. Since the analog front-end 
circuit includes the timing generator, the analog front-end 
circuit can drive the imaging device without the Supply of a 
plurality of clocks from the outside, and thus can acquire 
image data from the imaging device. 

In the analog front-end circuit of one aspect of the inven 
tion, setting information of the clock pattern set register of the 
timing generator may be set based on a control signal Supplied 
from the main board on which the image processing section 
processing image data output from the transmitter circuit is 
mounted, and the control signal may be Supplied by serial 
communication. 

Thus, setting information of the clock pattern set register 
can be set arbitrarily. Since control signals to control the 
setting information of the clock pattern set register are trans 
mitted by serial communication (e.g. CNOS level), the num 
ber of pieces of wiring of the connection cable to which 
signals are Supplied from the main board can be reduced. 
The analog front-end circuit of one aspect of the invention 

may further include between the A/D converter and the trans 
mitter circuit a selector that outputs the digital image data 
output from the A/D converter by using time division multi 
plexing, wherein the selector divides the digital image data 
into data of a certain bit and sequentially outputs the data 
divided to the transmitter circuit by using time division mul 
tiplexing. 

Thus, the number of bits of a signal output from the trans 
mitter circuit can be reduced, and therefore the number of 
pieces of wiring of the connection cable can be reduced. If 
there are a plurality of A/D converters that acquire image data 
of a plurality of pixels from the imaging device and convert 
the image data from analog to digital, the selector can output 
the image data by using time division multiplexing, and thus 
can Smoothly output the image data. 

Another aspect of the invention relates to an electronic 
device, including a board for head on which the analog front 
end circuit of one aspect of the invention and the imaging 
device are mounted, a main board on which an image pro 
cessing section processing image data output from the analog 
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4 
front-end circuit is mounted, and a connection cable connect 
ing the board for head and the main board, wherein the con 
nection cable includes a plurality of pairs of differential signal 
lines, and wherein image data output from the analog front 
end circuit is transmitted by a differential signal through the 
connection cable. 

According to another aspect of the invention, since the 
timing generator can generate a driving clock, a driving clock 
having a high frequency can be supplied to the imaging device 
without passing through the connection cable. Thus, radiation 
noise generated in the connection cable can be made suffi 
ciently small. Since the connection cable includes a plurality 
of pairs of differential signal lines, a signal Supplied through 
the differential signal line can reduce the generation of radia 
tion noise. As a result, the radiation noise generated in the 
connection cable can be made Small. 

In the electronic device of another aspect of the invention, 
the plurality of driving clocks for driving the imaging device 
may be Supplied from the analog front-end circuit to the 
imaging device without passing through the connection 
cable. 

According to another aspect of the invention, a driving 
clock is Supplied to the imaging device without passing 
through the connection cable, and therefore does not contrib 
ute to radiation noise generated in the connection cable even 
though the driving clock has a high frequency. Thus, it is easy 
to take measures against EMI for the electronic device. 

In the electronic device of another aspect of the invention, 
the main board may include a differential signal receiver 
circuit that receives a differential signal transmitted through 
the connection cable, and a differential signal transmitter 
circuit that transmits a reference clock through the connection 
cable to the board for head by using a differential signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
accompanying drawings, wherein like numbers refer to like 
devices. 

FIGS. 1A to 1C are diagrams illustrating an image sensor. 
FIG. 2 is a block diagram illustrating an exemplary struc 

ture of an analog front-end circuit according to the present 
embodiment. 

FIG. 3 is a diagram illustrating a selector according to the 
embodiment. 

FIG. 4 is a diagram illustrating an exemplary structure of a 
transmitter circuit according to the embodiment. 

FIG. 5 is a diagram illustrating an exemplary structure of a 
receiver circuit according to the embodiment. 

FIG. 6 is a table showing an exemplary setting of a clock 
pattern setting register according to the embodiment. 

FIG. 7 is a chart illustrating a plurality of waveforms based 
on the exemplary setting shown in FIG. 6. 

FIG. 8 is a diagram illustrating an exemplary structure of an 
analog processing section according to the embodiment. 

FIG. 9 is a block diagram illustrating an analog front-end 
circuit of an exemplary modification according to the 
embodiment. 

FIG.10 is another diagram illustrating a selector according 
to the embodiment. 

FIG. 11 is a block diagram illustrating an electronic device 
according to the embodiment. 

FIG. 12 is a diagram illustrating connection of a board for 
head and a main board of the electronic device according to 
the embodiment. 

FIG. 13 is a block diagram illustrating a comparative 
example according to the embodiment. 
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FIG. 14 is a block diagram illustrating an analog front-end 
circuit of a modification according to the embodiment. 

DESCRIPTION OF THE EMBODIMENT 

An embodiment of the invention will now be described. It 
should be noted that the present embodiment is not intended 
to limit the scope of the invention defined by the appended 
claims, and all the combinations of the features described in 
the embodiment are not necessarily essential for the inven 
tion. 

1. Image Sensor 
FIG. 1A shows an exemplary structure of an image sensor 

22 (imaging device in a broad sense). The image sensor 22 
(e.g. CCD line sensor) includes, for example, a light receiving 
section 202, a transfer gate 204, and a transfer section (shift 
register) 206. The light receiving section 202 also includes a 
plurality of light receiving devices (photodiodes, pixels) that 
perform photoelectric conversion. In the drawings referred to 
below, the same or similar devices are denoted by the same 
numbers. 

Each light receiving device (pixel) of the light receiving 
section 202 generates and accumulates a charge in accor 
dance with the amount of received light. After a predeter 
mined time period required for accumulating a charge has 
elapsed, a shift signal SH becomes active and the transfergate 
204 is turned on. Thus, the accumulated charge, which is 
analog image data, is transferred through the transfergate 204 
to a shift register of the transfer section 206 (each shift register 
corresponding to the relevant light receiving device). The 
image data (accumulated charge, image signals in a broad 
sense) transferred to each shift register is transferred between 
the adjacent shift registers based on two-phase driving clocks, 
(p1 and p2, and is serially output from a CCQ terminal of the 
image sensor 22. 
The structure of the image sensor 22 is not limited to that 

shown in FIG. 1A. As shown in FIG. 1B, for example, it is 
preferable to provide a transfer gate 204-1 and a transfer 
section 206-1 for odd-numbered pixels, and a transfer gate 
204-2 and a transfer section 206-2 for even-numbered pixels. 
It is also preferable to provide a light receiving section, a 
transfergate, and a transfer section to read image data for each 
of red (R), green (G), and blue (B) in the structures shown in 
FIGS. 1A and 1B. 

FIG. 1C shows an exemplary structure of a shift register of 
the transfer section 206. 

2. Analog Front-end Circuit 
FIG.2 shows an exemplary structure of an analog front-end 

circuit 24 according to the embodiment. The analog front-end 
circuit 24 includes, but is not limited to, a transmitter circuit 
100, a receiver circuit 200, a timing generator 300, an analog 
processing section 400, an A/D converter 500, and a PLL 
circuit 600. The structure in which the analog processing 
section 400 and the PLL circuit 600 are omitted, for example, 
is also possible. 
The timing generator 300 receives a reference clock CLK1 

from the PLL circuit 600, generates a plurality of clocks 
based on a control signal CS1, and Supplies to the image 
sensor 22, the transmitter circuit 100, the analog processing 
section 400, and the A/D converter 500 the different clocks 
that correspond to each of them. Specifically, the timing gen 
erator 300 Supplies, among the plurality of clocks generated, 
the driving clocks (p1 and p2 to the image sensor 22, a trans 
mission clock TXCK to the transmitter circuit 100, an A/D 
converter clock ADCK to the A/D converter 500, and a timing 
control clock CS2 to the analog processing section 400, 
respectively. 
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6 
The receiver circuit 200 receives differential signals 

RXCKP and RXCKM, generates a reference clock CLK2 
based on the differential signals RXCKP and RXCKM, and 
outputs the generated reference clock to the PLL circuit 600. 
The PLL circuit 600 receives the reference clock CLK2 from 
the receiver circuit 200, generates the reference clock CLK1 
(first reference clock in a broad sense) by multiplying the 
reference clock CLK2 by a given factor, and outputs the 
generated reference clock to the timing generator 300. The 
PLL circuit 600 can arbitrarily choose the multiplying factor, 
for example, by using the register. For example, if the refer 
ence clock CLK2 is 10 MHz, the frequency of the reference 
clock CLK1 can be set at 120 MHz by setting the multiplying 
factor of the PLL circuit 600 at 12, for example. The PLL 
circuit 600 is not limited to the structure described above; its 
multiplying factor may be fixed. 

In addition, the receiver circuit 200 may be omitted and a 
clock generation circuit to generate the reference clock CLK2 
may be provided in the analog front-end circuit 24. 
The analog processing section 400 receives analog image 

data APD1 that is serially output from the CCQ terminal of 
the image sensor 22, performs predetermined analog process 
ing, for example, based on the timing control clock CS from 
the timing generator, and outputs the processed data to the 
A/D converter 500. 
The A/D converter 500 converts the analog image data 

APD2 from the analog processing section 400 to digital data 
based on the A/D converter clock ADCK from the timing 
generator 300, and outputs digital image data DPD to the 
transmitter circuit 100 at the subsequent stage. At this point, 
the digital image data DPD is output in parallel as data of M 
(M is a natural number) bits to the transmitter circuit 100. 
The A/D converter clock ADCK is set at 10 MHz, for 

example, in the embodiment. Since the analog image data 
APD2 is output in serial, for example, the A/D converter 500 
sequentially converts the image data APD2 from analog to 
digital The A/D converter 500 outputs M (M is a natural 
number, e.g. 16) pieces of A/D converted data in parallel as 
the digital image data DPD of M bits based on the clock 
ADCK to the transmitter circuit 100. 
The transmitter circuit 100 receives each of signals of Mbit 

image data DPD and the transmission clock TXCK, generates 
differential signals from each of the signals, and outputs the 
generated signal, for example, as (M-1) pairs of differential 
signals QD. The plurality of pairs of differential signals QD 
are Supplied from the analog front-end circuit 24, for 
example, to the main board or the like. 
A selector SL shown in FIG.3 may be provided between 

the A/D converter 500 and the transmitter circuit 100. The 
selector SL can divide and output the image data DPD output 
from the A/D converter 500 by using time division multiplex 
ing. The term “time division” referred to herein means divid 
ing a period, for example, of the clock for the image data DPD 
and then dividing the image data DPD So as to correspond to 
each divided period. For example, if the image data DPD is 
output in synchronization with a 10 MHZ clock, the selector 
SL that processes the image data DPD can output the data in 
synchronization with a 20 MHz clock to the transmitter cir 
cuit 100 by dividing 1 clock period of the image data DPD 
into two parts. 
The Mbit image data DPD output from the A/D converter 

500 is divided into data having a predetermined number of 
bits and is output to the transmitter circuit 100 by using time 
division multiplexing. Specifically, the selector SL divides 
the image data DPD of Mbits, for example, into image data of 
M/2 bits, and Subsequently outputs the divided image data to 
the transmitter circuit 100, by using time division multiplex 
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ing. For example, if the image data DPD of Mbits is output in 
synchronization with a 10 MHZ clock from the A/D converter 
500, data of 10 MHZxM bits is inputted per second to the 
selector SL. At this point, by using time division multiplex 
ing, if the selector SL divides the image data DPD into two 
pieces of image data, image data to be output is set to M/2 bits. 
Namely, the selector SL in this case outputs the M/2 bit image 
data in synchronization with a 20 MHZ clock. 
The structure described above can reduce signal lines 

required for the image data output from the transmitter circuit 
100, for example, to the half. 

2.1 Transmitter Circuit and Receiver Circuit 

FIG. 4 shows an exemplary structure of the transmitter 
circuit 100 according to the embodiment. The transmitter 
circuit 100 includes a plurality of differential amplifier cir 
cuits RSDS-TX one of which receives the transmission clock 
TXCK and outputs differential clock signals TXCKP and 
TXCKM. In the embodiment, for example, if the selector SL 
shown in FIG. 3 is provided to divide the M bit image data 
DPD into the M/2 image data and output the divided data by 
using time division multiplexing, (M/2) pieces of differential 
amplifier circuit RSDS-TX other than the differential ampli 
fier circuit RSDS-TX that receives the transmission clock 
TXCK are provided in the transmitter circuit 100, as shown in 
FIG. 4. 

When 16 bit (Mbits in a broad sense) image data DPD is 
inputted to the selector SL, the data is divided into 8 bit data 
and output to the transmitter circuit 100 by using time divi 
sion multiplexing. Data of each bit of the 8 bit data DPD0 to 
DPD7 is inputted to the corresponding differential amplifier 
circuits RSDS-TX Each differential amplifier circuit RSDS 
TX outputs differential signals based on the inputted data; for 
example, the differential amplifiercircuit RSDS-TX to which 
the data DPD0 is inputted outputs differential signals TDP0 
and TDM0. Similarly, the data DPD1 to DPD7 is output as 
differential signals TDP1 to TDP7 and TDM1 to TDM7 by 
the corresponding differential amplifier circuits RSDS-TX. 

If the selector SL shown in FIG. 3 is not provided, it is 
sufficient to provide M pieces of differential amplifier circuit 
RSDS-TX other than the differential amplifier circuit RSDS 
TX that receives the transmission clock TXCK 

Additionally, the analog front-end circuit 24 having Such a 
structure that M equals 16 is described as an example in the 
embodiment, but this is not restrictive. 

In the embodiment, reduce Swing differential signaling 
(RSDS registered trademark)) in which the amplitude of the 
Voltage of a differential signal is Smaller than that in low 
voltage differential signaling (LVDS) is used for the differ 
ential amplifier circuits RSDS-TX. Because the voltage 
amplitude of the differential signal mRSDS is smaller than 
that in LVDS, unnecessary radiation generated in the trans 
mission path of the differential signal can be more reduced. 
Since LVDS is effective for EMI, the transmitter circuit 100 
may be structured such that LVDS is used for differential 
amplifier circuits RSDS-TX. 

FIG. 5 shows an exemplary structure of the receiver circuit 
200 according to the embodiment. The receiver circuit 200 
includes a differential amplifier circuit RSDS-RX. The dif 
ferential amplifier circuit RSDS-RX generates a reference 
clock CLK2 (second reference clock in a broad sense) based 
on the reference clock differential signals RXCKP and 
RXCKM, and outputs the generated reference clock. The 
reference clock differential signals RXCKP and RXCKM are 
supplied, for example, from a main board 50 (refer to FIG. 11) 
described later. 
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8 
2.2 Timing Generator 
The timing generator 300 shown in FIG. 2 includes a clock 

pattern set register 310. Information indicating clock patterns 
for a plurality of clocks generated by the timing generator 300 
is stored in the clock pattern set register 310. The timing 
generator 300 generates the plurality of clocks based on the 
information indicating the clock patterns. Contents of the 
clock pattern set register 310 can be programmably altered by 
using the control signal CS1, for example, and therefore 
information on clock patterns that user desire can be stored in 
the clock pattern set register 310. 
To specifically explain the information on clock patterns 

stored in the clock pattern set register 310, FIG. 6 shows a 
pattern table of clocks. Numbers 0x00 to 0x0F shown in FIG. 
6 indicate addresses of the clock pattern set register 310. FIG. 
7 shows waveforms of clocks output from the timing genera 
tor 300 when the pattern table is set as shown in FIG. 6. 

Reference numbers CK1 and CK2 shown in FIG. 6 indicate 
clocks, which can be used, for example, as the clocks for 
driving the analog processing section 400 shown in FIG. 2. 
Similarly, reference numbers SNCK1A even to 
SNCK1D odd, and SNCK2 to SNCK4 indicate clocks, any 
one of which can be used, for example, as the driving clock (p1 
or (p2 for driving the image sensor 22. 
The value of the internal state is incremented, for example, 

from 0 to 15 during a period of the clock output from the 
timing generator 300 (e.g. the driving clock (p1 or (p2) or the 
like. In the next period, the value of the internal state is 
incremented again from 0 to 15. Thus the internal state cir 
culates, for example, among the values 0 to 15 based on the 
clock acting as a reference (e.g. the first reference clock 
CLK1). 
The value 0 or 1 is assigned to each clock for every internal 

state, whereby the clock pattern of each clock is set. 
The timing generator 300 sets the output level of each clock 

based on the value (e.g. 0 or 1) assigned to each clock for 
every internal state as shown in FIG. 6. 

In the case of taking the clock CK1 taken as an example 
specifically, for example, when the value of the internal state 
is 0, the value of the clock CK1 in the register is 1, and 
therefore the output level of the clock CK1 at this time is high 
as indicated by B1 in FIG. 7. When the value of the internal 
state is changed to the next value, 1, the value of the clock 
CK1 in the register is 1 according to FIG. 6, and therefore the 
output level of the clock CK1 at this time is maintained at a 
high level. Furthermore, when the value of the internal state is 
changed to 9, the value of the clock CK1 in the register is 0 set 
in FIG. 6. Namely, the output level of the clock CK1 is set low 
as indicated by B2 in FIG. 7. 

Similarly, in the case of taking the clock CK2 as an 
example, for example, when the value of the internal state is 
11, the value of the clock CK2 in the register is 0 according to 
FIG. 6. As indicated by B3 in FIG. 7, the output of the clock 
CK2 is therefore set at a low level. Furthermore, from FIG. 6, 
it is shown that when the value of the internal state is changed 
to 12, the value of the clock CK2 in the register is set to 1. 
Namely, the output level of the clock CK2 is set high as 
indicated by B4 in FIG. 7. 

Thus, the timing generator 300 can generate clocks based 
on the values stored in the clock pattern set register 310, using 
the reference clock CLK1 as reference. The reference clock 
CLK1 is the clock that is generated on the basis of the refer 
ence clock differential signals RXCKP and RXCKM 
received in the receiver circuit 200 (refer to FIG. 2) as 
described above. In other words, the clock acting as reference 
for the clocks (e.g. the driving clock (p1 and (p2) output from 
the timing generator can be supplied, for example, from the 
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main board 50 (refer to FIG. 11) or the like to the analog 
front-end circuit 24. This makes it easy, for example, for the 
main board 50 to process output data QD output from the 
analog front-end circuit 24 and to supply the control signal 
CS1 to the analog front-end circuit 24. The design of the main 
board 50, which is connected to the analog front-end circuit 
24, and the like is thereby simplified. Namely, the embodi 
ment allows shortened design period and reduced production 
COSt. 

The timing generator 300 also generates the A/D converter 
clock ADCK based on the reference clock CLK1, and Sup 
plies the generated clock to the A/D converter 500. At this 
time, for example, if the reference clock CLK1 is at 120 MHz, 
the timing generator 300 can divide the reference clock 
CLK1, for example, into /12 to output the 10 MHZ clock as the 
A/D converter clock ADCK 

Additionally, FIG. 6 shows the pattern table in the case 
whereasingle coloris assigned to the read pixel, but this is not 
restrictive. For example, if three colors (R. G., and B) are 
assigned to the read pixel the values of the internal state may 
be set in 48 stages from 0 to 47. 
2.3 Analog Processing Section 

FIG. 8 is a block diagram illustrating the analog processing 
section 400. The analog processing section 400 includes a 
correlated double sampling section CDS and an amplifying 
section PGA. 
The correlated double sampling section CDS receives the 

analog image data APD1 from the image sensor 22, and 
samples an analog signal of base level (optical black level. 
reference level) and an analog signal of data level (video 
level, signal level). The difference value between a sampling 
value of the analog signal of base level and a sampling value 
of the analog signal of data level is then output. The sampling 
of the analog signal is performed on the basis of timing 
control clock CS2 supplied from the timing generator 300. 
For example, the timing of sampling and the timing of Sam 
pling period and the like associated with the sampling are set 
on the basis of the timing control clock CS2 supplied from the 
timing generator 300. The timing generator 300 can generate 
various clock patterns based on the clock pattern set register 
310 as described above. Thus, the clock required for the 
correlated double sampling section CDS can be adjusted by 
arbitrary setting of the value of the clock pattern set register 
31 O. 
The amplifying section PGA, which can be constituted, for 

example, of a programmable gain amplifier or the like, adjusts 
again of the output value of the correlated double sampling 
section CDS, and outputs the analog image data APD2 to the 
A/D converter 500. Such gain adjustment can ensure an 
appropriate dynamic range in the A/D converter 500. In the 
gain adjustment, the level of gain adjustment may be gradu 
ally set and assigned to the register so as to become program 
mable. The arbitrary adjustment of the value of this register 
can adjust the gain of the output from the correlated double 
sampling section CDS. 
A correction circuit that performs correction for the output 

of the correlated double sampling section CDS may be pro 
vided between the correlated double sampling section CDS 
and the amplifying section PGA. 

3. Modification 
FIG.9 is a diagram illustrating an exemplary structure of an 

analog front-end circuit 25 of a modification according to the 
embodiment. The selector SL is added to the analog front-end 
circuit 24 shown in FIG. 2 and the analog processing section 
400 and the A/D converter 500 are modified as shown in FIG. 
9 in order that three colors (R, G, and B), for example, are 
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10 
assigned to the read pixel. The analog front-end circuit 25 is 
structured in Such a manner. Specifically, the analog process 
ing section 400 of the analog front-end circuit 25 includes an 
analog processing section for R 410, an analog processing 
section for G420, and an analog processing section for B430. 
The A/D converter 500 of the analog front-end circuit 25 
includes an A/D converter for R510, an A/D converter for G 
520, and an A/D converter for B 530. 
The A/D converter for R 510 A/D converts analog image 

data output from the analog processing section for R 410, and 
outputs the converted data as image data RD of M bit to the 
selector SL. The A/D converter for G 520 A/D converts analog 
image data output from the analog processing section for G 
420, and outputs the converted data as image data GD of Mbit 
to the selector SL. The A/D converter for G 520 A/D converts 
analog image data output from the analog processing section 
for B430, and outputs the converted data as image data BD of 
Mbit to the selector SL. 
The timing control clock CS2 output from the timing gen 

erator 300 includes, but not limited to, a timing signals nec 
essary for each of the analog processing section for R 410, the 
analog processing section for G 420, and the analog process 
ing section for B430. For example, the timing control clock 
may include common timing signals that are Supplied to the 
analog processing sections 410 to 430. 
The A/D converter clock ADCK is supplied from the tim 

ing generator 300 to the A/D converter 500 in FIG.9 and the 
common A/D converter clock ADCK is supplied to A/D con 
verters 510 to 530, but this is not restrictive. For example, 
timing signals necessary for each of A/D converters 510 to 
530 may be generated individually by the timing generator 
300, and the clock individually generated may be supplied to 
the corresponding A/D converter among the A/D converters 
510 to S30. 
The timing generator 300 supplies a selector clock SCLK 

to the selector SL but this is not restrictive. For example, a 
clock generation circuit (e.g. oscillator) may be provided 
independently in the analog front-end circuit 25 such that a 
clock generated by the clock generation circuit is Supplied to 
the selector SL as the selector clock SCLK. A clock that the 
PLL circuit 600 generates may also be supplied to the selector 
SL as the selector clock SCLK. 

The selector SL shown in FIG. 9 divides each supplied 
image data RD, GD, or BD based on the selector clock SCLK 
and outputs divided data to the transmitter circuit 100 by 
using time division multiplexing. For example, the selector 
SL divides each image data RD, GD, and BD, and outputs the 
image data by (M/2) bit to the transmitter circuit 100, by using 
time multiplexing, as shown in FIG. 10. 

In the analog front-end circuit 25 of the modification of the 
embodiment, each image data RD, GD, or BD is supplied to 
the selector SL in synchronization with a 10 MHZ clock. In 
this case, the selector SL divides a period of the clock of 10 
MHz into three parts for three image data RD, GD, and BD, 
and therefore can output (Mx3) bit image data by Mbits to the 
transmitter circuit 100 by using time division multiplexing. 

In the analog front-end circuit 25 of the modification 
according to the embodiment, the selector SL divides into 6 
parts a period of the clock (e.g. 10 MHz) used for the supply 
of the image data RD, GD, and BD. Thus, the selector SL can 
output (MX3) bit image data by (M/2) bits in synchronization 
with a 60 MHz clock to the transmitter circuit 100 by using 
time division multiplexing. 
The data of 10 MHZxM bitx3 is inputted per second into 

the Selector SL shown in FIG. 10. If the number of bits of the 
image data when output from the transmitter circuit 100 is set 
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to M/2, the selector SL may output (M/2) bit image data in 
synchronization with 60 MHZ clock. 

4. Electronic Device 
FIG. 11 is a block diagram that shows an electronic device 

10 including the analog front-end circuit (AFE) 24 (or 25) 
according to the embodiment. The electronic device 10 need 
not include all the devices shown in FIG. 11, and may be 
structured such that some of the devices are omitted. 
The electronic device 10 (e.g. flatbed type image scanner) 

includes a placing plate 14 on which a reading object 12 (e.g. 
original copy) is placed and a frame 15 (e.g. Supporting mem 
ber, housing) that Supports the placing plate 14. The placing 
plate 14 having a rectangular shape is formed of a light 
transmitting material Such as glass. The reading object 12 is 
placed, for example, on the upper side of this light transmit 
ting placing plate 14. 

The electronic device 10 includes a board for head (car 
riage) 20, on which the image sensor 22 and the analog 
front-end circuit 24 are mounted. A charge coupled device 
(CCD), a contact image sensor (CIS) or a bucket brigade 
device (BBD) can be used as the image sensor 22. A light 
Source 26 for illuminating the reading object 12 (original 
copy) and an optical system (optical head) such as a lens 28 
(focusing unit) that focuses light derived from the light Source 
26 and reflected by the reading object 12 to the image sensor 
22 are also mounted on the board for head 20. 
The electronic device 10 includes a drive apparatus 30 

(drive mechanism) that drives and moves the board for head 
20. The drive apparatus 30 includes a motor 32 (source of 
power) and a motor driver 34 to drive the motor 32. The image 
sensor 22 is placed so that its longitudinal direction is the 
same as the main scanning direction. A drive belt 36 having 
the opposite side that hangs over a pulley 38 is driven by the 
motor 32 to move the board for head 20 fixed to the drive belt 
36 in the Sub Scanning direction (in a direction orthogonal to 
the main scanning direction). Various types of modified prac 
tices are allowed as move methods of the board for head 20. 
For example, the board for head 20 may be moved without 
using the drive belt 36 or by using a linear motor mechanism. 

The electronic device 10 includes the main board 50. The 
main board 50 controls blocks of the electronic device 10. 
Specifically, the main board 50 performs the control of image 
data acquisition, the servo control of the board for head 20, 
and the control of the analog front-end circuit 24. 
The main board 50 includes an image processing section 

60. The image processing section 60 includes a transmitter/ 
receiver circuit 62 that transmits and receives a differential 
signal. The transmitter/receiver circuit 62 includes, but not 
limited to, a. differential signal receiver circuit and a differ 
ential signal transmitter circuit (not shown). The differential 
signal receiver circuit and the differential signal transmitter 
circuit may be provided in different blocks, and either of them 
may be omitted. The transmitter/receiver circuit 62 receives a 
differential signal from the board for head 20 and acquires 
image data, and the image processing section 60 performs 
image processing of the image data acquired. The image 
processing section 60 can also control for example, the analog 
front-end circuit 24, but this is not restrictive. A signal to 
control the analog front-end circuit 24 may be generated in 
another block placed on the main board 50. 
The main board 50 includes a servo controller 80. The 

servo controller 80 performs the servo control (feedback con 
trol) of the drive apparatus 30 (the motor 32), which drives 
(moves) the board for head 20. The main board 50 includes a 
CPU 96 (processor) and a memory 98 (ROM, RAM). The 
CPU96 performs the overall control of the main board 50 and 
exchanges information with the outside. The memory 98 
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stores programs and various types of data, and functions as a 
work area of the image processing section 60, the servo con 
troller 80, and the CPU 96. 
The main board 50 need not include all the devices shown 

in FIG. 11, and may be structured such that some of the 
devices are omitted. For example, the CPU 96 and the 
memory 98 may be omitted. The functions of the main board 
50, the image processing section 60, and the servo controller 
80 may be implemented by hardware circuits, or may be 
implemented by both software and hardware circuits. The 
hardware circuit may be implemented by an application spe 
cific integrated circuit (ASIC) containing a gate array, etc., or 
may be implemented by a general purpose processor. 

FIG. 12 is a diagram that shows the connection of the board 
for head 20 and the main board 50. The board for head 20 and 
the main board 50 are connected with each other with a 
connection cable 800 including a plurality of pieces of wiring. 
The differential clock signals TXCKP and TXCKM and the 
differential signals TDP0 to TDP7 and TDMO to TDM7 out 
put from the board for head 20 are supplied through the wiring 
in the connection cable 800 to the main board 50. The refer 
ence clock differential signals RXCKP and RXCKM and the 
control signal CS1 output from the main board 50 are Sup 
plied through another piece of wiring in the connection cable 
800 to the board for head 20. 

In the case of transmitting a signal having a high frequency, 
the use of a differential signal can Suppress unnecessary 
radiation. In the embodiment, although the frequencies of the 
differential clock signalsTXCKP and TXCKM, the differen 
tial signals TDP0 to TDP7 and TDMO to TDM7, and the 
reference clock differential signals RXCKP and RXCKM are 
high to some extent, these signals are differential signals. 
Hence, the radiation noise and the like generated in the con 
nection cable 800 can be reduced. 
The control signal CS1, however, has a far smaller fre 

quency than the differential signalsTXCKP and TXCKM and 
other signals described above, and therefore is transmitted not 
by using a differential signal but, for example, by using a 
CMOS level signal. The control signal CS1 is transmitted, for 
example, by serial communication. Accordingly, for the con 
trol signal CS1, a circuit for receiving the differential signal in 
the analog front-end circuit 24 can be omitted and the circuit 
for transmitting a differential signal in the main board 50 can 
be omitted. Furthermore, the use of serial communication can 
decrease the number of signal lines, allowing the production 
cost of the connection cable 800 to be reduced. In addition, 
the control signal CS1 is not restricted to the above structure, 
and may be a differential signal. In this case, a receiver circuit 
for the control signal CS1 may be provided in the analog 
front-end circuit 24, and a transmitter circuit for the control 
signal CS1 may be provided in the main board 50. 

In the embodiment, the reference clock differential signals 
RXCKP and RXCKM are supplied from the main board 50 to 
the board for head 20. Namely, the analog front-end circuit 24 
provides a prescribed drive based on the reference clock 
generated on the main board 50. Thus, the differential signals 
TXCKM and TXCKP and the like output from the analog 
front-end circuit 24 are generated based on the reference 
clock generated on the main board 50, so that the main board 
50 can control the board for head 20 more easily. This facili 
tates the timing adjustment of signals transmitted between the 
main board 50 and the board for head 20, and the like, thereby 
allowing the design period required for the design of the 
electronic device 10 to be shortened. 

Since the board for head 20 is driven by the drive apparatus 
30 to move in a predetermined range as shown in FIG. 11, the 
connection cable 800 needs to have enough length to cover 
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the movement range. The length of the connection cable 800 
is therefore set to some length (e.g. 60 cm) in the embodi 
ment. 

In general if a cable is long, the EMI caused by a radiation 
noise that is generated when a signal is transmitted through 
the cable becomes a significant problem. As a result, inspec 
tions, adjustments, and the like for taking measures against 
the EMI take much time. This causes a factor to prevent the 
cost reduction of products. On the other hand, the analog 
front-end circuit 24 in the embodiment can effectively reduce 
the radiation noise generated by the connection cable 800 by 
the use of differential signals in the data transfer between the 
main board 50 and the board for head 20. Thus, the time 
period required for the inspections and adjustments for the 
EMI problem of products, for example, can be shortened 
significantly, and therefore the cost reduction of products 
becomes possible. 

In addition, because image data among the output data OD 
output from the analog front-end circuit 24 is (M/2) bits in the 
embodiment, (M/2) pairs of differential signal lines are pro 
vided in the connection cable 800 for the image data transfer. 
Hence, the number of pieces of wiring provided in the con 
nection cable 800 can be reduced compared to the case where 
image data output from the analog front-end circuit 24 is M 
bits. In other words, the reduction of production cost becomes 
possible. 
The Smaller the frequency of a clock is, the less the impact 

of radiation noise generated in the connection cable 800 and 
the like is. Namely, in order to reduce the radiation noise from 
the connection cable 800, and the like as much as possible as 
measures against EMI, the analog front-end circuit 24 may be 
structured such that the number of pieces of wiring in the 
differential signal lines for image data transfer are increased 
and therefore the frequency of the differential signal is 
decreased. Specifically, the output of the selector SL in the 
analog front-end circuit 24 is set not to 8 bits but, for example, 
to 16 bits. As a result, the output clock of the selector SL can 
be setata frequency lower than 60 MHz, e.g. 30 MHz. Hence, 
the frequency of a signal transmitted through the connection 
cable 800 is lowered, so that the generation of radiation noise 
can be suppressed. 

5. Comparison with Comparative Example and Effect 
FIG. 13 is a block diagram illustrating an electronic device 

710 of a comparative example according to the embodiment. 
The electronic device 710 includes aboard for head 720. The 
image sensor 22, the light source 26, and an optical system 
(optical head) Such as and the lens 28 are mounted on the 
board for head 720. Analog image data APD3 read by the 
image sensor 22 is inputted to an analog A/D converter 740. 
The A/D converter 740 converts this to digital image data 
(image signal) and outputs the digital image data to a main 
board 750. 

The main board 750 includes an image sensor controller 
760. The image sensor controller 760 controls the image 
sensor 22, and generates various types of control signals and 
drive patterns and outputs them to the image sensor 22. The 
image sensor controller 760 receives digital image data from 
the A/D converter 740 and performs various types of image 
processing (gamma conversion, shading, binarization, and 
the like). A drive controller 762 that the image sensor con 
troller 760 includes generates the driving clocks (p1 and p2 of 
the image sensor 22 and Supplies them to the image sensor 22. 

In the electronic device 710, radiation noise is generated in 
a signal path 900, caused by the driving clocks (p1 and p2. 
Since the image data APD3 is output as a clock having a high 
frequency, radiation noise is also generated in signal paths 
910 and 920. The length of a cable in which signal path900, 
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910, 920, or the like, for example, is provided is set to some 
value so that the board for head 720 can move within a 
predetermined range. Therefore, the radiation noise gener 
ated in the signal path900, 910, or 920 further increases its 
impact. 

In order to reduce Such radiation noise, it is necessary to 
take measures against EMI by adding parts that serve as 
EMI-reduction measures to cables and the like to shield the 
cables. This increases the number of parts of products and the 
design period for the products. As a result, reduction of pro 
duction cost is prevented. 
On the other hand, the analog front-end circuit 24 or 25 

according to the embodiment can use a differential signal for 
its output, so that the radiation noise generated when the 
output from the analog front-end circuit 24 or 25 is transmit 
ted can be reduced. Namely, the analog front-end circuit 24 or 
25 can reduce the production cost of products more than the 
comparative example. 
The signal path900 of the driving clocks (p1 and p2 in the 

comparative example may be structured for the use of differ 
ential signals. However, the higher resolution the image sen 
Sor 22 has, the higher frequency the driving clocks (p1 and (p2 
have. For this reason, the signal path 900 including a differ 
ential signal line is not sufficient for measures against EMI. 
On the other hand, the analog front-end circuit 24 or 25 

according to the embodiment includes the timing generator 
300 by which the driving clocks (p1 and p2 are generated, and 
therefore can Supply the driving clocks (p1 and p2 to the image 
sensor 22 without the use of the connection cable 800 shown 
in FIG. 12. In other words, the embodiment can prevent 
unnecessary radiation caused by the driving clocks (p1 and (p2 
in the signal path900, which is a problem in the comparative 
example. 

In the electronic device 710 of the comparative example, if 
spread spectrum modulation is applied to the driving clocks 
(p1 and p2 output from the image sensor controller 760, the 
peak value offrequency spectrum of the driving clocks (p1 and 
(p2 can be spread. However, because the frequencies of the 
driving clocks (p1 and p2 are high, this application can be 
insufficient for measures against EMI. Furthermore, if fre 
quency modulation Such as spread spectrum modulation is 
applied to the driving clocks (p1 and p2, image data acquired 
from the image sensor 22 may be degraded. 

In order to take sufficient EMI measures in the application 
of spread spectrum modulation to the driving clocks (p1 and 
(p2 in the comparative example as described above, an 
increase in the modulation range is needed for the spread 
spectrum modulation. If the modulation range is increased, 
however, the variation in pulse width of the driving clocks (p1 
and p2 is increased. The increase of the variation enhances the 
possibility that image data output from the image sensor 22 
has an unexpected value. This leads to serious degradation of 
the image quality. 
On the other hand, in the embodiment, the driving clocks 

(p1 and p2 are Supplied to the image sensor 22 without passing 
through the connection cable 800, for example. This proves 
that the electronic device 10 of the embodiment is superior to 
the comparative example in terms of measures against EMI. 
In the embodiment, because the driving clocks (p1 and p2 are 
generated on the board for head 20, the application of spread 
spectrum modulation to the driving clocks (p1 and p2 is not 
needed. Accordingly, the driving clocks (p1 and p2 having a 
certain pulse width are Supplied to the image sensor 22, and 
therefore the image data with high accuracy is output from the 
image sensor 22 compared to the case where spread spectrum 
modulation is applied to the driving clocks (p1 and p2. 
Namely, the electronic device 10 including the analog front 
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end circuit 24 is excellent for the measures against EMI and 
allows the high quality image reading. 
As shown in FIG. 14, the analog front-end circuit 24 may 

include an output terminal LQ (e.g. at CMOS level) that 
outputs an Mbit output from the A/D converter 500 by means 
of a system separate from the transmitter circuit 100. In this 
case, the use of the output terminal LQ allows the test of 
products to be conducted. The output terminal LQ is con 
nected to the output of the A/D converter 500, but this not 
restrictive. The output terminal LQ may be structured to 
connect to the output of the selector SL shown in FIG. 3. 
The analog front-end circuit 24 further includes a parallel/ 

serial converter 550 that converts M bit parallel output data 
output from the A/D converter 500 to the serial data. The 
transmitter circuit 110 that receives an output from the par 
allel/serial converter 550 and outputs a differential signal may 
also be included. Such a structure can reduce signal lines for 
outputting image data. For example, the width of wiring of the 
connection cable 800 can be decreased. As a result, produc 
tion cost of the electronic device 10 can be reduced. In addi 
tion, the transmitter circuit 110 receives a reference clock 
TXCK2 necessary for transmitting Supplied from the timing 
generator 300, but this is not restrictive. 

In the structure described above, any one of the plurality of 
pairs of differential signals QD output from the output termi 
nal LQ and the transmitter circuit 100 and an output from the 
transmitter circuit 110 may be selected, for example, by uti 
lization of register setting. In this case, an output of the analog 
front-end circuit 24 can be selected based on information set 
in the register, and thus the structure can cope with various 
types of applications. 

Detailed description has been given for the embodiment of 
the invention as described above, but those skilled in the art 
will readily understand that many modifications may be made 
without Substantially departing from the new matter and 
effect of the present invention. Therefore, all modifications 
made in this manner are included in the scope of the inven 
tion. For example, any term cited with a different term having 
broader or the same meaning at least once in this specification 
and drawings can be replaced with the different term in any 
place in this specification and drawings. 
The entire disclosure of Japanese Patent Application No. 

2005-034474, filed Feb. 10, 2005 is expressly incorporated by 
reference herein. 

What is claimed is: 
1. An analog front-end circuit that controls an imaging 

device and processes an analog image signal output from the 
imaging device, the analog front-end circuit comprising: 

an analog processing section that receives an analog image 
signal from the imaging device, provides the image sig 
nal with predetermined processing, and outputs the 
image signal; 

an A/D converter that performs A/D conversion with the 
image signal output from the analog processing section; 

a transmitter circuit that receives digital image data output 
from the A/D converter, generates a differential signal 
based on the digital image data, and outputs the differ 
ential signal; and 

a timing generator that generates a plurality of clocks 
including a multiphase driving clock for driving the 
imaging device based on a first reference clock; 

the transmitter circuit including a differential amplifier 
circuit that generates a differential signal based on the 
digital image data output from the A/D converter, and 
outputting the differential signal generated in the differ 
ential amplifier circuit. 
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2. The analog front-end circuit according to claim 1, 
the timing generator generating a transmission clock as a 

clock included in the plurality of clocks and outputs the 
transmission clock to the transmitter circuit; and 

the transmitter circuit generating a differential signal based 
on the transmission clock, and generating a differential 
clock signal being a synchronizing clock of the differ 
ential signal that the transmitter circuit outputs. 

3. The analog front-end circuit according to claim 1, further 
comprising a PLL circuit that receives a second reference 
clock, generates a clock by multiplying a frequency of the 
second reference clock by N. and outputs the clock as the first 
reference clock. 

4. The analog front-end circuit according to claim3, further 
comprising a receiver circuit that receives a reference clock 
differential signal, generates the second reference clock 
based on the reference clock differential signal received, and 
supplies the second reference clock to the PLL circuit. 

5. The analog front-end circuit according to claim 4, the 
receiver circuit receiving the reference clock differential sig 
nal through a connection cable connecting the transmitter 
circuit and a main board on which an image processing sec 
tion processing image data output from the transmitter circuit 
is mounted from the main board. 

6. The analog front-end circuit according to claim 1, the 
timing generator generating an A/D converter clock that the 
A/D converter uses for performing A/D conversion, as a clock 
included in the plurality of clocks, and outputting the A/D 
converter clock to the A/D converter. 

7. The analog front-end circuit according to claim 1, the 
timing generator generating a timing control clock for the 
analog processing section, as a clock included in the plurality 
of clocks, and outputting the timing control clock to the 
analog processing section. 

8. The analog front-end circuit according to claim 1, the 
analog processing section performing correlated double sam 
pling and amplifying as the certain processing. 

9. The analog front-end circuit according to claim 1, 
the timing generator including a clock pattern set register 

for setting clock patterns of the plurality of clocks; and 
the timing generator generating the plurality of clocks with 

different clock patterns from the first reference clock 
based on a set value of the clock pattern set register. 

10. The analog front-end circuit according to claim 9. 
setting information of the clock pattern set register of the 

timing generator being set based on a control signal 
Supplied from a main board on which the image process 
ing section processing image data output from the trans 
mitter circuit is mounted, and 

the control signal being Supplied by serial communication. 
11. The analog front-end circuit according to claim 1, the 

analog front-end circuit further including between the A/D 
converter and the transmitter circuit a selector that outputs the 
digital image data output from the A/D converter by using 
time division multiplexing, 

the selector dividing the digital image data into data of a 
certain bit and sequentially outputting the data divided 
to the transmitter circuit by using time division multi 
plexing. 

12. An electronic device, comprising: 
a board for head on which the analog front-end circuit 

according to claim 1 and the imaging device are 
mounted; 

a main board on which an image processing section pro 
cessing image data output from the analog front-end 
circuit is mounted; and 
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a connection cable connecting the board for head and the 14. The electronic device according to claim 12, the main 
main board; board including: 

the connection cable including a plurality of pairs of dif 
ferential signal lines; and 

image data output from the analog front-end circuit being 5 
transmitted by a differential signal through the connec 

a differential signal receiver circuit that receives a differ 
ential signal transmitted through the connection cable; 
and 

tion cable. a differential signal transmitter circuit that transmits a ref 
13. The electronic device according to claim 12, the plu- erence clock through the connection cable to the board 

rality of driving clocks for driving the imaging device being for head by using a differential signal. 
Supplied from the analog front-end circuit to the imaging 10 
device without passing through the connection cable. k . . . . 


